Objective: The objective of this study was to create a clinical prediction tool to differentiate women at risk for postoperative complications after benign gynecologic surgery.
C linical prediction tools (also known as clinical decision tools or risk scores) are helpful tools that can increase the accuracy of clinical assessments, aid complex decision making, and identify patients at risk for poor outcomes. The creation of a clinical prediction tool involves the quantification of known variables, such as the patient's medical history, physical examination, and diagnostic tests, to predict a diagnosis or prognosis. 1 These tools have been used to identify patients at risk for postoperative cardiac events and delirium. 2, 3 In addition, prediction tools specific to individual surgical procedures have been created to predict postoperative morbidity and mortality. 4, 5 There is currently only 1 prediction model for perioperative morbidity after vaginal hysterectomy developed by Heisler et al. 6 This model includes both preoperative and postoperative variables, prohibiting the use of the model of Heisler et al 6 as a preoperative medical risk assessment tool. 6 Our goal was to create a clinical prediction tool for use as a preoperative medical risk assessment tool to identify women at risk for postoperative complications after benign gynecologic surgery.
MATERIALS AND METHODS

Study Design
We performed a secondary data-set analysis of the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) participant use data files from 2005 to 2009. Previously, we have reported on the occurrence of 30-day major postoperative complications from the ACS NSQIP data set. 7 
Data Set
The ACS NSQIP is a national program for surgical quality assessment and improvement in academic and private hospitals. 8 Hospital participation is currently voluntary and has increased from 121 participating hospitals in 2005 to 237 hospitals in 2009. The ACS NSQIP collects extensive information by a formal chart review process. Trained nurse abstractors collect data on the first 40 cases performed within consecutive 8-day cycle. Between 2005 and 2008, these cases included patients 16 years or older, whereas in 2009, cases included patients 18 years or older. More than 200 Health Insurance Portability and Accountability ActYcompliant variables are collected for each patient, including preoperative characteristics, procedures performed, and 30-day postoperative complications. The ACS NSQIP program requires 30-day postoperative follow-up even after discharge. Hospitals contact both patients and providers to obtain this follow-up. The ACS NSQIP participating hospitals with less than 80% 30-day follow-up are excluded from the program, and their data are not eligible for inclusion in the analyzed data set.
To ensure the quality of data within the data set and reduce potential bias, interrater reliability audits are conducted by the ACS NSQIP with an overall disagreement rate of 1.8%. This data set has been validated by previous studies. 8, 9 Further information on the ACS NSQIP program and database is available at: http://acsnsqip.org. This study was exempt from review by the institutional review board as it involves research of an existing data set from a public source. ORIGINAL ARTICLE 274 www.fpmrs.net
Target Population
The target population for this study included women older than 16 years who underwent benign gynecologic surgery. Women were considered for potential inclusion in this analysis based on a variable in the ACS NSQIP signifying the specialty of the primary surgeon was gynecology. Women were excluded from analysis for the following reasons: (1) current pregnancy, (2) previous operation within 30 days of current procedure, (3) Physicians' Current Procedural Terminology Coding System, Fourth Edition (CPT-4) code inconsistent with benign gynecologic procedure, and (4) missing preoperative hematocrit values. CPT-4 codes for gynecologic procedures can be found in Table 1 .
We chose to exclude women with missing preoperative hematocrit values because of the demonstrated value of preoperative anemia in predicting postoperative complications. 6, 10 In addition, women undergoing procedures for gynecologic cancer were excluded because they have more complications than do women undergoing procedures for benign gynecologic conditions. 7 This exclusion allowed us to identify unique independent predictors of postoperative complications among women undergoing benign gynecologic procedures, rather than confirming that women undergoing procedures for malignancy are at the highest risk of postoperative complications.
We then temporally divided women into 2 similar cohorts, one to derive the prediction tool and the second to validate the prediction tool. Our derivation cohort included all women undergoing benign gynecologic procedures in the 2005 to 2008 ACS NSQIP participant use data files. Our validation cohort included all women undergoing benign gynecologic procedures in the 2009 ACS NSQIP participant use data files. Intervals of unequal lengths were used because of increasing hospital enrollments into the ACS NSQIP after 2004. The prevalence of preoperative predictors and postoperative complications were compared between the derivation cohort (ACS NSQIP 2005Y2008) and the validation cohort (ACS NSQIP 2009) to determine whether these changed over time.
Analysis
Independent Variables
We examined all preoperative risk factors available in the ACS NSQIP data set. Age and body mass index (BMI) were explored as both continuous and dichotomous variables in relation to postoperative complications. We did not examine intraoperative risk factors that would fit better into a global model, such as route of anesthesia, operative time, intraoperative blood loss, or change in hematocrit after surgery, because we wanted to build a prediction tool that could be used in preoperative medical risk assessment termed as a counseling model.
Procedures were classified based on CPT-4 coding. Women could undergo multiple concomitant procedures; however, they were classified based on their primary CPT-4 codes and counted only once in the data set. Total work relative value units, including primary procedure and all concomitant procedures, were analyzed as a measure of procedural difficulty.
Dependent Variable
The primary outcome, composite 30-day major postoperative complications, was analyzed as a dichotomous variable (yes/no). Components included the following 30-day outcome measures: (1) mortality, (2) cardiac arrest requiring cardiopulmonary resuscitation, (3) acute transmural myocardial infarction, (4) stroke or cerebrovascular accident, (5) a nonYmedicationinduced coma for greater than 24 hours after surgery, (6) wound dehiscence, (7) wound seroma or deep wound surgical site infection of fascial or muscle layers, (8) organ space surgical site infection, (9) pulmonary embolism, (10) deep vein thrombosis, (11) prolonged mechanical ventilation greater than 48 hours after surgery, (12) unplanned reintubation, (13) pneumonia, (14) sepsis, (15) septic shock, (16) progressive renal insufficiency, (17) acute renal failure with need for dialysis, (18) return to the operating room within 30 days after surgery, and (19) postoperative blood transfusion within the first 72 hours after surgery. Urinary tract infections and superficial surgical site infections are common postoperative morbidity easily treated with antibiotics; therefore, urinary tract infections and superficial surgical site infections were not included in the composite outcome of 30-day major postoperative complications.
Prediction Tools
A logistic regression analysis was conducted to estimate the association of preoperative predictors with 30-day postoperative morbidity in women undergoing benign gynecologic procedures. Preoperative variables were identified for inclusion in the final model based on bivariate analysis (P G 0.1). Variables were then identified for inclusion in the model using backward stepwise selection (P G 0.05) to identify factors independently associated with postoperative morbidity. Goodness of fit of the final models was confirmed using Hosmer-Lemeshow testing.
A prediction tool was then constructed to predict the occurrence of postoperative complications. The prediction tool was built from the logistic regression model by assigning the value of 1 point each to each variable that had a A coefficient of greater than 1.5 and 2 points each for A coefficients of 1.5 or greater. An individual's risk score was then computed by summing the number of points based on her preoperative characteristics. This risk score was then used to categorize women into low-, medium-, and high-risk groups. Performances in the derivation and validation sets were quantified and compared using receiver operating characteristic analysis to determine the concordance index or ''c-index'' of the models. The c-index was calculated to check the predictive ability of the model. 11 Possible values for a c-index range from 0 to 1.0. A c-index of 1.0 indicates a model that perfectly predicts the outcome of interest. A c-index of 0.5 would indicate that the predictive model is equivalent to random chance. Statistical analysis was performed using STATA 11.0 (StataCorp, College Station, Tex) and SAS 9.2 (SAS Institute, Inc, Cary, NC).
RESULTS
A total of 23,665 women were identified as undergoing a primary gynecologic procedure in the ACS NSQIP data set. Women were excluded from analysis for the following reasons:
(1) current pregnancy (n = 416), (2) previous operation within 30 days of current procedure (n = 185), (3) CPT-4 code inconsistent with benign gynecologic procedure (n = 2117), and (4) missing preoperative hematocrit value (n = 1508). A total of 19,439 women who underwent benign gynecologic procedures were included in our final analysis. This was further broken down into the derivation and validation cohorts, containing 9572 and 9867 women, respectively (Fig. 1) .
The most commonly performed benign gynecologic procedures included 12,492 hysterectomies (64.3%), 1997 laparotomies (10.3%), 3483 procedures for prolapse and/or urinary incontinence (17.9%), 996 vaginal procedures (5.1%), and 471 laparoscopies (2.4%). Major postoperative complications occurred in 3.3% (n = 636) of women undergoing benign gynecologic procedures (3.33% [319/9572] vs 3.21% [317/9867] in the derivation and the validation cohort, respectively). Sixty-six women experienced 3 or more major postoperative complications, among whom the 30-day postoperative mortality was 21.2% (14/66). Women who were anemic were more likely to undergo postoperative blood transfusion than were women with hematocrit of greater than 36% (0.32% [13/4041] vs 0.14% [21/ 15,364], P = 0.01); however, the occurrence of postoperative blood transfusion was rare. Two hundred forty women (1.23%) had preoperative infection (systemic inflammatory response syndrome, sepsis, or septic shock). Women who had preoperative infection had a higher risk of having postoperative sepsis or septic shock compared with women without preoperative infection (6.25% [15/240] vs 0.55% [106/19,199], P G 0.001).
No association was found between age and postoperative complications following benign gynecologic procedures. When BMI was analyzed as a continuous variable, no significant association with major postoperative complications was found. However, an association was seen between postoperative complications when BMI was analyzed as a dichotomous variable (BMI Q40 kg/m 2 ). This dichotomous classification is clinically significant as BMI of 40 kg/m 2 or greater commonly represents the definition of morbid obesity by the National Institutes of Health. 12 The prevalence of preoperative predictors in the derivation cohort (ACS NSQIP 2005Y2008) was similar to the validation cohort (ACS NSQIP 2009) ( Table 2 ). There was a statistically significant difference in the percentage of benign hysterectomies performed in the derivation and validation benign gynecology cohorts (62.3% vs 66.2%, P = 0.001), although these percentages are clinically similar. There was no difference in the procedures for prolapse or urinary incontinence between the derivation and validation benign cohorts (17.9% vs 17.9%, P = 0.99). Procedural difficulties measured by mean total work relative value units for primary and all concomitant procedures were statistically different between the derivation and validation cohorts (15.1 [T5.0] vs 14.9 [T3.5], P = 0.04), but clinically similar. The postoperative outcomes of the derivation cohort were similar to the validation cohort ( Table 3 ).
The final multivariable logistic regression model for the occurrence of major postoperative complications after a benign gynecologic procedure is presented in Table 4 . The following predictors of postoperative complications after benign gynecologic procedures were identified and assigned points for use in the preoperative predictive tool: preoperative sepsis (2 points), ascites (2 points), unintentional weight loss (910% weight loss in the 6 months before surgery) (1 point), preoperative systemic inflammatory response syndrome (1 point), history of cerebrovascular accident (1 point), morbid obesity (1 point), American Society of Anesthesiologists physical status III or greater (1 point), current smoker (1 point), and preoperative anemia (hematocrit G36.0%) (1 point). The c-index of the model for benign gynecology procedures in the derivation and validation cohort was 0.611 and 0.642, respectively. Women were assigned a preoperative risk category of low (0Y1 point), medium (2Y3 points), and high (Q4 points). Performance of the prediction tool for postoperative complications after benign gynecologic procedures is shown in Table 5 . The prediction tool successfully differentiated women at risk for postoperative complications. Women in the derivation and validation cohorts undergoing benign gynecologic procedures had an occurrence of postoperative complications in the low-risk group of 2.7% and 2.4%, medium-risk group of 6.3% and 6.8%, and high-risk group of 29.5% and 23.8%.
DISCUSSION
We have developed a clinical prediction tool that can be used preoperatively to identify risk of postoperative complications in women undergoing benign gynecologic procedures. The preoperative predictors for postoperative complications after benign gynecologic procedures included preoperative sepsis, ascites, unintentional weight loss, preoperative systemic inflammatory response syndrome, history of cerebrovascular accident, morbid obesity, American Society of Anesthesiologists physical status III or greater, current smoking status, and preoperative anemia. The prediction tool performed well in both the derivation and validation cohorts as indicated by the c-index and the ability of the tool to differentiate between women with low, medium, and high risk of postoperative complications.
This study adds to our previous work on major postoperative complications after gynecologic surgery. The prediction tool we developed includes only preoperative variables and dif-fers from our previous logistic regression model in 2 important ways. 7 First, we excluded women with missing preoperative hematocrit values who were included in the first logistic 6 after vaginal hysterectomy, we also found anemia to be a predictor of postoperative complications. Unfortunately, the data set does not include preoperative blood transfusion but does include information on intraoperative and postoperative transfusion. However, the most recent hematocrit before the surgery was recorded as the preoperative hematocrit value and would include a posttransfusion hematocrit if performed. Not surprisingly, we found that the presence of preoperative systemic infection, either systemic inflammatory response syndrome or sepsis, predicted increases in the occurrence of major postoperative complications. We also found that increased American Society of Anesthesiologists score and current smoking status were predictive of increased postoperative complication. In addition, unintentional weight loss of greater than 10% in the 6 months before surgery and ascites were also identified as predictors of postoperative complications. Unintentional weight loss has been used as a marker of frailty. 13 Frailty has been independently linked to increased postoperative complications in addition to American Society of Anesthesiologists physical status, Lee's 3 revised cardiac index score, and Eagle 14 scores. 15 Another explanation is that both unintentional weight loss and ascites could represent women with unrecognized malignancy. Both unintentional weight loss and ascites represented less than 0.3% of the women in the benign gynecologic cohort, but were independent predictors of postoperative complications.
Finally, we saw an increase in postoperative complications in women with morbid obesity (BMI Q40 kg/m 2 ). We dichotomized women into morbidly obese and nonYmorbidly obese categories because of a lack of association between BMI analyzed as a continuous variable and postoperative complications. We did not find an association if women were dichotomized into obese (BMI Q30 kg/m 2 ) and nonobese women. Similarly, Chen et al 16 did not find an association between obesity (BMI Q30 kg/m 2 ) and increased complications in women undergoing benign vaginal gynecologic procedures. Our findings demonstrated that increased postoperative complications after benign gynecologic procedures were associated with morbid obesity.
A limitation of a prediction tool based on a single institution's data is that the prediction tool may not be generalizable to other hospitals. One strength of our study is that the ACS NSQIP data set allowed for the development of this clinical prediction tool across multiple participating hospitals, instead of a single institution, increasing the generalizability of the prediction tools. A possible limitation of our prediction tool is the temporal division of the derivation and validation cohorts; however, our analysis demonstrated that the 2 cohorts were similar in baseline data, preoperative characteristics, and procedures performed. In addition, the 2005 to 2008 cohort included less total participating institutions than the 2009 cohort, which is a difference in the 2 temporally divided cohorts. However, both cohorts included more than 100 and 200 institutions that were both tertiary care centers and community hospitals. Missing data are another potential limitation. According to Harrell et al, 11 models may be inaccurate if there is a high frequency of missing data or improper imputation methods.
Because of the quality of data in the ACS NSQIP participant use data file, very few missing data existed in the data set. However, missing data from preoperative blood work are present in the ACS NSQIP. Preoperative blood work is not a requirement of every participating hospital before women undergo gynecologic procedures. Missing data on preoperative hematocrit occurred in 6.7% of women undergoing gynecologic procedures. We chose to exclude women with missing preoperative hematocrit values because of the association of preoperative anemia with postoperative complications demonstrated by Wu et al 10 in general surgery and the predicative value preoperative hemoglobin reported by Heisler et al 6 in gynecologic surgery. If women who had missing hematocrit values had less composite postoperative complications, we may have slightly overestimated the true occurrence of postoperative complications. Some postoperative complication data may be missing if patients were managed as outpatients or readmitted to another hospital. The ACS NSQIP data set does not include information on the reasons for return to the operating room within 30 days of the index procedure. It is possible that the return to the operating room is unrelated to the original surgery. However, an additional strength of the ACS NSQIP is that 30-day follow-up is available even after a patient is discharged from the hospital. Participating hospitals are required to document 30-day follow-up on more than 80% of their sampled case. If this is not maintained, the hospital is excluded from the participant use data set. Finally, even though tests of internal validation of these prediction tools were performed, the ultimate test will be external validation of these prediction tools to predict postoperative outcomes.
In conclusion, we have developed and validated a preoperative prediction tool to differentiate women at high risk for major postoperative complications after benign gynecologic procedures. 
